Pathogenesis and Natural History of Transient Global Amnesia
• Fourteen patients aged between 49 and 92 years who had suffered from one or more attacks of transient global amnesia (TGA) have been followed for a mean interval of 30 months. Thirteen patients had one or more risk factors for cerebrovascular disease, such as hypertension, cardiac abnormalities, diabetes and hyperlipidemia. Clinical evidence for vertebrobasilar arterial insufficiency was demonstrated in 11 cases. EEG examination revealed bitemporal or bioccipital slow wave activity. Four-vessel arteriography showed atherosclerotic, stenotic, or occlusive lesions predominantly in the vertebrobasilar and posterior cerebral arterial systems. Five patients without recurrence of TGA showed no permanent impairment of memory, whereas eight who had recurrent attacks of TGA showed permanent memory impairment as well as mild visual-spatial or visual-motor dyspraxia as judged by neuropsychological tests on follow-up visits. "Amnesic stroke" with permanent and gross memory defect and dyspraxia occurred in two patients.
It is concluded that the majority of transient global amnesic episodes in the elderly or in those with the risk factors listed above result from cerebrovascular insufficiency particularly in the territory of vertebrobasilar and posterior cerebral arterial systems (which supply major portions of the ascending reticular activating system, parahippocampal-fornical-mamillary system, inferomedial aspects of the temporal lobe and occipital lobe). Repeated attacks of TGA are not rare and with each attack the likelihood increases of permanent memory deficits and progressive dementia. A rarer outcome is cerebral infarction in the territory of posterior cerebral arteries commonly referred to as "amnesic stroke." 
Additional

Case Material
A group of 14 patients have been followed for a mean interval of 30 months following an episode (or episodes) of TGA. Thirteen patients were admitted to the inpatient service of the Baylor-Methodist Center for Cerebrovascular Research and one patient requested that the investigation be limited to outpatient visits. A detailed general medical and neurological history, with special regard to risk factors for cerebrovascular disease, 9 was obtained in all cases. Careful inquiry of prior medical problems was made in order to rule out the possibility of epilepsy, migraine, hypoglycemia and/or psychiatric illness. Other points routinely investigated in the history-taking were: (1) number of TGA episodes, (2) other transient neurological symptoms which might have occurred during or between attacks of TGA, and (3) occurrence of any permanent neurological or neuropsychological deficit with special reference to permanent change in memory function. All patients had detailed general medical and neurological examinations, which were documented initially and at regular intervals thereafter. Ten patients also were evaluated by a cardiologist during hospital admission.
Laboratory examinations included fasting blood sugar, glucose tolerance test (in seven cases), BUN, creatinine, serum cholesterol, triglycerides, serum lipoprotein electrophoresis, complete blood count, sedimentation rate and urinalysis. Chest x-ray, EKG and brain scan were performed in all cases. Thirteen had serial electroencephalograms during the follow-up period. EEG was accomplished at varying periods of time after an episode of TGA, the closest interval being 12 hours. A four-vessel cerebral arteriogram was obtained in 12 patients, and five had measurements of regional cerebral blood flow (rCBF) using the gamma camera and intracarotid injection of I33 Xe 10 as the indicator. Detailed neuropsychological testing was carried out in eight patients at the time of initial admission and periodically during follow-up admissions. The battery of psychological tests administered is shown in table 1.
Results
The average follow-up was 30 months. The age of the patients ranged from 49 to 92 years. There were six males and eight females ( fig. 1 ). Thirteen of the 14 patients studied (92%) had one or more risk factors for cerebrovascular disease ( fig. 2 ), as defined by the Stroke Council of the American Heart Association. 9 Eleven patients (78%) were found to have various combinations of coronary heart disease, cardiac enlargement by x-ray, left ventricular hypertrophy by EKG, cardiac dysrhythmia or congestive heart failure. Nine (64%) had essential hypertension with blood pressures of 160/95 mm Hg or greater; there were four cases (28%) with diabetes mellitus and four cases (28%) with hyperlipidemia.
ASSOCIATION OF SIGNS AND SYMPTOMS OF VERTEBROBASILAR INSUFFICIENCY
Eleven of 14 patients (78%) exhibited one or more signs or symptoms which are generally considered to be due to ischemia within the vertebrobasilar territory ( fig. 3 ). These signs and symptoms of vertebrobasilar insufficiency mainly occurred between episodes of TGA, although various combinations of lightheadedness, bilateral blurring of vision, ataxia and occipital headache actually occurred during the TGA attack itself in four patients.
ASSOCIATION OF SIGNS AND SYMPTOMS OF CAROTID INSUFFICIENCY
Only two patients (14%) showed clinical evidence of ischemia in the territory of the internal carotid artery. One case complained of an attack of amaurosis fugax with mild hemiparesis and the other complained of an attack of mild dysphasia with hemiparesis. These occurred between the episodes of TGA in the case with amaurosis fugax and three months prior to the episode of TGA in the case with dysphasia.
Pertinent EEG findings in the series of cases are summarized in table 2. In ten patients, the EEG was considered abnormal. Bitemporal and bioccipital slow waves, often paroxysmal in nature, were the most common abnormalities. They were often asymmetrical with left temporal areas showing more prominent slow waves in four of six cases. In one patient, a recording of the EEG 12 hours after the TGA attack showed bitemporal sharp wave activity which eventually disappeared. None of these patients showed spike activity or well-defined epileptiform activity in any of the serial EEGs performed.
R I S K F A C T O R S FOR C E R E B R O V A S C U L A R D I S E A S E (AHA STROKE COUNCIL)
Hyperlipidemia
Hypertension
Varying combinations of clinical coronary heart disease , cardiac enlargement by x-ray, LVH by EKG, arrhythmia or congestive heart failure.
Diabetes Mellitus
One or more of the above risk factors. Incidence of signs and symptoms ofvertebrobasilar insufficiency in patients with TGA. Table 3 summarizes the arteriographical features in 11 of 12 patients who had abnormal arteriograms. Atherosclerotic lesions were found to be most common in the vertebrobasilar-posterior cerebral arterial system supplying major portions of the limbic system and inferomedial portions of the temporal and occipital lobes. Of particular interest were the observations of stenotic and occlusive lesions within the posterior cerebral arteries which were often bilateral (figs. 4 and 5).
MEASUREMENTS OF REGIONAL CEREBRAL BLOOD FLOW
Regional cerebral blood flow (rCBF) measurements were performed in five patients. Mean rCBF values of 31 to 42 ml/100 gm per minute were recorded, which were significantly reduced (normal values 45 to 55 ml/100 gm brain per minute). In addition to the generalized reduction in mean rCBF, focal reductions of rCBF were particularly noted in the mid and posterior temporal regions. In three patients rCBF values in these regions were reduced to as low as 25 ml/100 gm per minute.
NEUROPSYCHOLOGICAL TESTING
Eight patients underwent detailed neuropsychological testing because permanent impairment of memory was evident on neurological examination. Predominant deficits were observed in the Wechsler Memory Scale, which tests logical memory (recall of prose passages), associative learning, digit span and perceptual-spatial memory including visual-spatial reproduction. Many also had impairment of identification and location of forms on the tactual performance test. Visual-spatial disabilities, evidenced by impairment of the ability to copy designs as part of the aphasia screening test and WAIS block design subtest, were other prominent deficits. Other estimates of higher cortical function, such as performance and verbal intelligence coefficients and language functions, were relatively less impaired, although in two patients (case nos. 3 and 6) with more advanced dementia these functions were moderately impaired in addition. The patients who showed severe dementia had more diffusely abnormal EEG activity.
PROGNOSI5 FOR TRANSIENT GLOBAL AMNESIA
The subsequent course of the disorder is summarized for the 14 patients in table 4. In five patients no further episodes of TGA were observed in the follow-up interval and none showed impaired memory or other mental functions during the follow-up interval. One case (no. 14) presented eventually with the acute onset of an "amnesic stroke" characterized by sudden loss of memory, right homonymous hemianopia, visual agnosia, color agnosia, alexia and anomic aphasia which has persisted for several months. Recurrence of TGA attacks was observed in eight patients during the follow-up period. The frequency of recurrence ranged from one to numerous later attacks. All cases with recurrent attacks of TGA developed permanent memory loss documented by poor performance in the Wechsler Memory Scale. These cases also had impairment of visual-spatial and visual-motor functions without lateralization to the right hemisphere. One patient (case no. 2), who had seven prior episodes of TGA and subsequent dementia, eventually developed an "amnesic stroke" (similar to case no. 14). In addition to the sudden onset of global amnesia, the patient had a right homonymous hemianopia, anomic aphasia, visual agnosia, difficulty in naming colors and mild transient hemiparesis. Brain scan showed an increased uptake of technetium
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" consistent with infarction of the left occipital area.
Discussion
For clinical purposes, memory may be conveniently divided into three subdivisions: immediate, recent, and remote. According to the clinical studies of Symonds, 11 the neural substrate for memory consists of memory units registered in a vast number of neurons. As in all biological systems, this storage has a tendency to decay but is believed to be reinforced by the limbic system, which functions as a strong activating system. If the activating system is destroyed, the ability to store new memory is lost and stored memory decays. According to this theory, recently stored memory is the first to be lost since it is reinforced the least. If this hypothesis is correct, it seems reasonable to conclude that transient global amnesia results from temporary inactivation of the limbic system. Previous clinicopathological studies of Victor et al., 12 Scoville and Milner, 13 and Gless and Griffith 14 emphasize that amnesic disorders in man arise from bilateral lesions of the hippocampal formation (gyrus dentatus, hippocampus and parahippocampal gyrus), whereas they are not seen with more anterior lesions (of the uncus, the amygdaloid body and extreme anterior portion of the hippocampus). Bilateral occlusion of the posterior cerebral arteries produces ischemia and infarction in the inferomedial portion of the temporal lobes and related structures (specifically in the hippocampal formation, fornix and mamillary body) and results in permanent loss of recent memory. 12 Nine cases of "amnesic stroke" reported in the important study of Benson et al. ls confirm the importance of the territory supplied by both posterior cerebral arteries in relation to memory.
TRANSIENT GLOBAL MANESIA
Vertebral arleriogram showing bilateral stenotic and occlusive lesions in the posterior cerebral arteries (patient no. 14).
In the first series of TGA to be reported by Fisher and Adams 1 two patients had symptoms of brain stem and occipital lobe dysfunction, which may be assumed to be secondary to ischemia from embolization and bilateral occlusion of the posterior cerebral arteries, although there was no confirmatory pathological or arteriographical evidence. Surprisingly, while Fisher and Adams considered transient cerebral ischemia as a cause of TGA, they rejected it as unlikely because of the absence of other evidence of cerebral ischemia or reported two cases of TGA due to presumed arterial embolism of the posterior cerebral arterial systems occurring as a complication of cardiac angiography. The present authors have seen in consultation two cases of transient cortical blindness with transient amnesia followed by complete recovery in 24 hours as a rare complication of selective vertebral angiography. Transient ischemia affecting the inferomedial portion of the temporal lobes and related structures is within the terminal territory supplied by the posterior cerebral arteries and appears to be a logical explanation for the pathogenesis of TGA as evidenced by the present series of cases as well as individual case reports cited in the literature. The frequent onset of symptoms during the sixth to eighth decades, the absence of a history of epilepsy or EEG evidence of convulsive disorders, together with the absence of hypoglycemia, migraine, brain tumor, alcoholism or psychiatric illness in the present series of patients, support transient ischemia as the pathogenic factor in TGA. The associated high incidence of risk factors for cardiovascular disease such as cardiac abnormalities, hypertension, diabetes, and hyperlipidemia lends further support to their vascular nature. The association of symptoms and signs of vertebrobasilar insufficiency in 11 of 14 patients during or between attacks of TGA strengthens the argument that they are due to ischemia in the vertebrobasilar system. Bitemporal and bioccipital EEG abnormalities and, above all, arteriographical evidence of stenotic or occlusive arteriosclerotic lesions seen in the vertebrobasilar and posterior cerebral arterial systems has been confirmed in the majority of our patients. Finally, regional cerebral blood flow measurements showed focal reduction in rCBF values in the mid and posterior temporal regions.
Recurrence of TGA was a striking feature in our series, whereas Fisher and Adams 1 found recurrence in only one patient out of 17. Their study, however, did not include a prospective follow-up. Steinmetz and Vroom 8 also reported multiple attacks of TGA, and Poser and Ziegler 7 documented numerous episodes in four of their seven cases. These experiences suggest that recurrence of TGA is not uncommon and indeed appears to be a striking feature in the natural history of the disease.
Furthermore, the present series indicates that permanent memory deficits and progressive dementia are likely to follow repeated episodes of TGA. This was evident from the clinical course in eight of our patients who developed various degrees of dementia during the follow-up (table 4). Each of the eight patients had more than one attack of TGA, whereas the other six patients in our series who showed no change in mental status had only one episode. The predominant defects were in the Wechsler Memory Scale and visual-spatial discrimination with relative sparing of other higher functions, in agreement with the hypothesis that eventually irreversible damage occurs to inferior medial temporal lobes and neighboring related structures. Table 4 suggests that development of permanent memory impairment and dementia is to some extent predictable and occurs predominantly in patients who have more than one attack of TGA. It may be noted that permanent memory loss was reported by Steinmetz and Vroom 8 in one of their patients who had multiple episodes of TGA.
Two of our patients developed "amnesic stroke,"
with clinical signs of acute infarction in the distribution of the posterior cerebral artery. One (case no. 14) had one episode of TGA and the other (case no. 2) had seven episodes of TGA, and consequently moderate dementia prior to the "amnesic stroke." Both patients showed homonymous field defects, visual agnosia, difficulty in recognizing colors, alexia and anomia. Four-vessel arteriography confirmed occlusive stenotic disease of both posterior cerebral arteries in case no. 14, and the brain scan was positive in the left occipital area for case no. 2.
Conclusion
It thus appears not only from our own experience but also from cases reviewed in the literature that most TGA episodes in the elderly result from transient ischemia in the territory of the vertebrobasilarposterior cerebral arterial system which supplies major portions of the ascending reticular activating system, the parahippocampal-fornical-mamillary system, inferomedial portions of the temporal lobe, and the occipital lobe. Recurrence of TGA is not uncommon, and repeated attacks may result in permanent loss of memory. A smaller number of patients may eventually develop clinically detectable infarction referred to as "amnesic stroke." According to these views, even in established cases of senile or arteriosclerotic dementia, a detailed history may reveal previous episodes of TGA. The study thus has important clinical implications in that early recognition of TGA, proper control of hypertension, diabetes, hyperlipidemia and cardiac dysrhythmia as well as treatment with cerebral vasodilators" and agents which prevent platelet aggregation in cases where embolism is suspected from atherosclerotic plaques, may reduce the incidence of permanent memory deficits and dementia.
